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Technological field 

The present invention concerns organic electroluminescent devices and anthracene 
derivatives, and more specifically concerns organic electroluminescent devices having a high 
luminescence efficiency and long life, as well as anthracene derivatives making such devices 
possible. 

Background technology 

The organic electroluminescent devices (hereafter, electroluminescence is abbreviated 
EL) are self-illuminating devices utilizing the principle of emission of light fi-om phosphors by 
recombination energy between positive holes injected by a positive electrode and electrons 
injected by a negative electrode upon the application of an electric field. Since the report of C.W. 
Tang et al.: Low-voltage organic EL devices by laminated devices (C.W. Tang, S.A. Vanslyke: 
Applied Physics Letters, vol 51, 913, 1987) of the Eastman Kodak Co., many studies have been 
carried out concerning organic EL devices using organic substances as constituting materials. 
Tang et al. used tris(8-hydroxyquinolylaluminum) in the luminescence layer and a 
triphenyldiamine derivative in the positive-hole transport layer. Advantages of a laminated 
structure include an enhanced injection efficiency of the positive holes into the luminescence 
layer, enhanced efficiency of the formation of excitons formed by recombination, blocking the 
electrons injected fi-om the negative electrode, capture of excitons formed in the luminescence 
layer, etc. As shown in this example, a two-layer type of positive hole transport (injection) layer 
and electron transport luminescence layer, three-layer type of positive hole transport (injection) 
layer, luminescence layer, and electron transport (injection) layer, etc., are well known for the 
device structure of organic EL devices. In such laminate-type-structure devices, the device 
structure and formation processes have been studied for enhancing the recombination efficiency 
of the injected positive holes and electrons. 

Also, chelate complexes such as tris(8-quinolinolato)aluminum complex, etc., coumarin 
derivatives, tetraphenylbutadiene derivatives, bisstyrylarylene derivatives, oxadiazole derivatives, 
etc., have been known as luminescent materials. It has been reported that visible light ranging 
fi-om blue to red can be obtained fi-om them, and the realization of color display devices is 
expected (e.g., Japanese Kokai Patent No. HEI 8[1996]-239655, HEI 7[1995]-138561, HEI 
3[1991].200289, etc.). 

Also, devices using phenylanthracene derivatives as luminescent materials have been 
disclosed in Japanese Kokai Patent No. HEI 8[1996]-012600. Such anthracene derivatives are 
used as blue [-light] emitting materials, while a longer device service life is desirable. 
Furthermore, device materials having fluoranthene groups at the 9 and 10 positions of anthracene 
were disclosed in Japanese Kokai Patent No. 2001-257074. These anthracene derivatives are 
also blue emitting materials, yet an improved device service life is necessary. Use of various 
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Disclosure of the invention 

It is an objective of the present invention to overcome surh nmK. 
anthracene derivatives enabh„g the reahzation of I EL IT I T'' 
luminescence efficiency. ^ ^* « ^gh 

anth^ceneLpo^dlirae^^ 

. ^ '"^^^Jrom^tnc structure shown bv general formal, A 

(2) as lumuiescence materials of organic EL devices Thus fh. 

Namelv th^ «r« . ■ ^ ^^^^es. Thus, the present mvention is attained 

•eas. o„rZl;lr^a~'"'" """""^ "^"^^ device, having 

component to a mixture: ' ' ™ ^"n' o' a 




(1) 



(In the fonnula, Ar is an (im)s„bstitmed condensed arematic grouo of 1 0 10 , . 
atoms; Ar' is an (un)substitn,ed aromatic grow of 6 50 T, u 
(un)s„bstitu.ed atomatic group of 6-50 „„2r K "'""s; X is an 

heterocyclic gtoup „f 5 sTZ^l k '""'^""^i™"! ^'omatic 

carbon atoms, (nn)s„bstitmed^,„', j,^":"^;;^^^ '""'f ^""""f*-'" 
arylthio group of 5-50 nuclearZJ / . (m)^''sMtuted 

carbon aLscarLrj^^H^:r^'™^''^*"'«'*»«^o„pof,^ 

andc„ewho,enumbLTo.^3:r;hrrb:;r3T°"^'^"^°-^^- 
fo™uiains.dethepar»tbesissho™be,owma;::r:e:^^^^^ 
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Furthermore, the present invention provides anthracene derivatives represented by 
general formula (2) shown below: 




Ar 



(2) 



(In the formula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, (un)substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (tm)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl group of 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, nitro group, or hydroxy group; a, b, 
and c are whole numbers of 0-4; and n is a whole number of 1 -3; when n is 2 or more, the 
formula inside the parenthesis shown below may be the same or different: 




'a 



Best embodiments for practicing the invention 
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^ negative electode wh Jn X, ^ f '""^ 
.U.oe„e.e.™.e,,C;Crr::^~ 

m a mixture. <ioove, aione or as a component 

.venj^r^""""^-^— -•'---^-e.ec.e.,.::^:^^,^^,,. 







(At, « » (unjsubsawed aiomaBc g„>up of 6-50 nuclear carbon a,on,s ) 

naphthacenyl group 1 -nvrenvl pr«n„ o , ^' ^■"^P'^^^cenyl group, 9- 

o-.olyI gmup. „.,„,y, 4, l^'^- l y"-y>-i-yl group. n,-.erphe„y|.2.yl group, 

roup. ^-n^y>-2.:Z.Z7^^I"^^' *™T' •^'^«™Py')Phe"y' 

n.e.y,.pb.y,, ^„p;,r4;/^i;;:^^^ 

a.0^3. :urr.::ri:i':::\'"'rr'^~ 

an^ry. group. 2 JCl^^^'' -»P. g-oup, ,. 

naphftaceuy, ^„up. ^^^2 T'"'' 
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3- yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m-terphenyl-3-yl group, m- 
terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, p-(2- 
phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-l-naphthyl group, 4-methyl-l- 
anthryl group, 4'-methylbiphenylyl group, 4"-t-butyl-p-terphenyl-4-yl group, etc. 

Of these, especially preferred are (un)substituted aromatic groups of 10 or more nuclear 
carbon atoms, such as a 1-naphthyl group, 2-naphthyl group, 9-phenanthryl group, 1- 
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl 
group, 4-pyrenyl group, 2-biphenylyl group, 3-biphnylyl group, 4-biphenylyl group, o-tolyl 
group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, etc. 

In general formula (1), X is an (un)substituted aromatic group of 6-50 nuclear carbon 
atoms, (un)substituted aromatic heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted 
alkyl group of 1-50 carbon atoms, (un)substituted alkoxy group of 1-50 carbon atoms, 
(un)substituted aralkyl group of 6-50 carbon atoms, (un)substituted aryloxy group of 5-50 
nuclear carbon atoms, (un)substituted arylthio group of 5-50 nuclear carbon atoms, 
(un)substituted alkoxycarbonyl group of 1-50 carbon atoms, carboxy group, halogen atom, cyano 
group, nitro group, or hydroxy group. 

Examples of the (un)substituted aromatic groups in X are the phenyl group, 1-naphthyl 
group, 2-naphthyl group, l-anthryl group, 2-anthryl group, 9-anthryl group, 1-phenanthryl group, 
2-phenathryl group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1- 
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl 
group, 4-pyrenyl group, 2-biphenylyl group, 3-bihenylyl group, 4-biphenylyl group, p-terphenyl- 

4- yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m- 
terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t- 
butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-l- 
naphthyl group, 4-methyl- l-anthryl group, 4'-methylbiphenylyl group, 4"-t-butyl-p-terphenyl-4- 
yl group, etc. 

Examples of the (un)substituted aromatic heterocyclic groups in X are the 1 -pyrrol yl 
group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl group, 3-pyridinyl group, 
4-pyridinyl group, 1 -indolyl group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl 
group, 6-indolyl group, 7-indolyl group, 1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl 
group, 4-isoindolyl group, 5-isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 2-furyl 
group, 3-furyl group, 2-benzofuranyl group, 3-benzofuranyl group, 4-benzofuranyl group, 5- 
benzofiiranyl group, 6-benzofuranyl group, 7-benzofuranyl group, l-isobenzofiiranyl group, 3- 
isobenzofuranyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl group, 6-isobenzofuranyl 
group, 7-isobenzofuranyl group, quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl 
group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl 
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1 group, 



phenanfl^Hn-.-y, ^^,2>phe„^a™.i„.3 J'^^^^^ 
Phe„a„,h.„i„.5.y, ^up.2.,.phe™„fl^u„4 

Phena„te,„„.8.y, 2.9-phe„a„U™,i^,4Cp f sTl ""^ ^'"">- 

'ta-3-yl g.„p. 2,8-phe.antolin^y, stil t^^^^^ '-^ 

Phe„a„a.„,™^y, 2.8-ph™„fl™,ta.7.;^l% 3""° f^' 

group, 2J.,,^rMU.9.y, ZZ' 2 "^T 

Phenottaazinyl group, 4-phe„„tfUa2inyl 10 „h , '*™"^^y S-^-*. 3" 

2-phenoxaziny, group, a-phenoxazjru^ ^i^"" 7' '-"""^ ^™P. 
oxazolyl group, 4-oxa.oly, g™„p slf^M I^TrT T""' """"""'^"y' ^""P- 2- 
«^yi group, 2-mJllJ\l ^-"""^"^'y' S^UP. 5-oxadiazolyl, 3- 

n.e*y,py™,.2-;::p, ale^Z^^XC" T^' '■^''"^'-'■y' 3- 
bulylpynoM-yl aoun 3 n „h„ , ,! ^■™«*J''Py™l»-5-yl group, 2-1- 

.e^yM-^o^yC:,^:::::! 

Examples of Uae (u„)substaed alkyi group i„ x "1 , ' 

^.group,.op.py,,„,,„,„,,,„J4,^--^^^^^ 
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pentyl group, n-hexyl group n-hq)tyl group, n-octyl group, hydroxymethyl group, 1- 
hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 1 ,2-dihydroxyethyl group, 
1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl group, . 
chloromethyl group, 1 -chloroethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2- 
dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3- 
trichloropropyl group, bromomethyl group, 1 -bromoethyl group, 2-bromoethyl group, 2- 
bromoisobutyl group, 1 ,2-dibromoethyl group, 1,3-dibromoisopropyl group, 23,-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2-iodoethyl group, 2- 
iodoisobutyl group, 1 ,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 
1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2-aminoethyl group, 2- 
aminoisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl 
group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 2- 
nitroisobutyl group, 1 ,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, 
1,2,3-trinitropropyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl 
group, 4-methylcyclohexyl group, 1-adamantyl group, 2-adamantyl group, 1-norbomyl group, 2- 
norbomyl group, etc. 

The (un)substituted alkoxy group is a group represented by -OY, and examples of Y are 
the methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, s-butyl group, 
isobutyl group, t-butyl group, n-pentyl group, n-hexyl group n-heptyl group, n-octyl group, 
hydroxymethyl group, 1 -hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 

1.2- dihydroxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3- 
trihydroxypropyl group, chloromethyl group, 1 -chloroethyl group, 2-chloroethyl group, 2- 
chloroisobutyl group, 1 ,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 1 -bromoethyl group, 2-bromoethyl 
group, 2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group, 2,3- 
dibromo-t-butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2- 
iodoethyl group, 2-iodoisobutyl group, 1 ,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3- 
diiodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2- 
aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 

2.3- diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, l-nitroethyl group, 2- 
nitroethyl group, 2-nitroisobutyl group, 1 ,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3- 
dinitro-t-butyl group, 1,2,3-trinitropropyl group, etc. 
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a-mphthytoelhyl grcp, l^-„aphftyIeU,yl group, 2-<-naphU,yIed,yl group. 1-a- 
najAttytopropyl group, 2-a-„aphfl,yli«,pr„pyl group, p-naphftytaettyl group l-B. 
naphM«hyI group, 2-f>-naphd,yI«hyl group, l-f-naphftylisopropy, ^oup, 2-8- 
naphflrylrsopr^py. gr^up, l-pyrro,y,„,eU,y| group, 2-(,.py,rolyl)«hyl group, p-nreftyibenzyl 

o-bromobeuzyl gr^up. p-,odobenzyl ^up, „,-iodobenzyI group, o-iodober^yl g^up!^ 
hyd.»xyb«zy group. ,„.hydr„,^^„ , p.3„i„„,4^ 

—benzy. group, o-a^inobenzy, group, p-™.r„be„zy, group, nr-ni^obenzy. ^oup 7 
n^oben^, ^up p-^yanobcuzyl group. m-cyanobe„zyl group, o-cya„obe„zy. group."- 
hydroxy.2.ph«,yh«,pr„py, group, l-chloix..2-phe„ylisopropyl group e.c 

Tire {un^ubstiwed aryloxy group is represented by ^y, and examples of V aro the 

phenamhry, group, l-naphthacenyl ^up. 2.naphftaceny, ^oup, 9-naph,hacenyl7oup ■ 

^henyy, group. ^.e,pbenyl.4-y. group, p.,e,pb«,y,-3-y, group. p-.«pbe„y,.2-y,^o^, 
2 Wyl group, m-«.3.y, group. n,-,en,heny,-2-y, group, o-,oIy. Jup nr! ,y, 
^oup^p-rolyl group, p-t-butylpheny, group. pK2-phe„y,propy„pheny, ^oup. 3 n,e*y,-2 
« ^up,4.me.by|.,-naphfl,y, group, 4-™emy..I-anfluyl group. 4.-n,emyIb,phenyly, 
gro^. 4 -,.bu.y, p-,e,phe„,M.y, group, .-pyrroly, group, 2-pyrro,yl group, J-pjIly, ^ p 
PJ^a^rny, group, 2-pyridinyl group. 3.pyridinyl group. 4.p,ridinyl group, l-indTw groupT 
.ndoly, group, 3-,ndoiy. group. 4.tadoly. group. 5.ind„,y, group, 6-bd„,y, group. T-fndJ;, 

group -,son,dolyI group, 3-isoindolyi group, 4-isoindolyi group. 5.isoi„dolyl group 6- 
.^ndolyl group, 7-,so,ndo.y, ^up. 2-iu.y, group. S-ftryl group. 2-ben.ofiL^, g^^up, 3- 
benzoflrrany group, 4-be„z„iu,a„y, group. 5.benzofi™,yl group, e-benzoftrany. ^„u^ 7- 
rb « 3-isobenzofbrany. group. 4-isobenzofi„I;, group 

S-rso^ofirrany, ^up, 6-isobe„zofirranyl group. T-ispbenzoftranyl ^«p, quinolyl groupT' 

,u.noIy. g^up, S-,„i„„,y, group. ,.iso,uinolyI group. 3-is«,uinolyl group. 4.iZ>^^, group 
5-,so<,u,noly, ^„„p. 6-iso<,uinoly, group. 7-is„<^inolyi group, 8-iso,„ Jy, group 2- 
qu^oxalrnyl group. 5-,uin„xali„yl group, 6-<,uinoxalinyl group, I-cart-azolyl gro™ 2- 
carbazolyl group, J-carbazolyl group. 4-ca.tazolyl group, l-phenamhridmyl group 2- 

tZTl""T:' t"*"^' ^P"--™ group, 6.phena,ldiny, 
group. 7-phena„du,d,„yl group. 8-phenanthridinyI group. 9-phe„anamdinyl group 10- 
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phenanthridinyl group, 1-acridinyl group, 2-acridinyl group, 3-acridinyl group, 4-acridinyl group, 
6-acridinyl group, 1 ,7-phenanthrolin-2-yl group, 1 ,7-phenanthrolin-3-yl group, 1,7- 
phenanthrolin-4-yl group, l,7-phenanthrolin-5-yl group, 1 ,7-phenanthrolin-6-yl group, 1,7- 
phenanthrolin-8-yl group, l,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-lO-yl group, 1,8- 
phenanthrolin-2-yl group, l,8-phenanthrolin-3-yl group, l,8-phenanthrolin-4-yl group, 1,8- 
phenanthrolin-5-yl group, l,8-phenanthrolin-6-yl group, l,8-phenanthrolin-7-yl group, 1,8- 
phenanthrolin-9-yl group, 1,8-phenanthrolin-lO-yl group, 1 ,9-phenanthrolin-2-yl group, 1,9- 
phenanthrolin-3-yl group, 1 ,9-phenanthrolin-4-yl group, 1 ,9-phenanthrolin-5-yl group, 
l,9-phenanthrolin-6-yl group, 1 ,9-phenanthrolin-7-yl group, 1 ,9-phenanthrolin-8-yl group, 

1.9- phenanthrolin-lO-yl group, l,10-phenanthrolin-2-yl group, l,10-phenanthrolin-3-yl group, 

1.10- phenanthrolin-4-yl group, l,10-phenanthrolin-5-yl group, 2,9-phenanthrolm-l-yl group, 
2,9-phenanthrolin-3-yl group, 2,9-phenanthrolin-4-yl group, 

2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 2,9- 
phenanthrolin-8-yl group, 2,9-phenanthrolin-lO-yl group, 2,8-phenanthrolin-l-yl group, 2,8- 
phenanthrolin-3-yl group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl group, 2,8- 
phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl group, 2,8-phenanthrolin-9-yl group, 2,8- 
phenanthrolin-lO-yl group, 2,7-phenanthrolin-l-yl group, 2,7-phenanthrolin-3-yl group, 2,7- 
phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 

2,7-phenanthrolin-6-yl group, 2,7-phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-lO-yl group, 1-phenazinyl group, 2-phenazinyl group, 1 -phenothiazinyl group, 

2- phenothiazinyl group, 3 -phenothiazinyl group, 4-phenothiazinyl group, 1 0-phenothiazinyl 
group, 1 -phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazinyl 
group, 10-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2- 
oxadiazolyl group, 5-oxadiazolyl, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 2- 
methylpyrrol-l-yl group, 2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2-methylpyrrol- 
5-yl group, 3-methylpyrrol-l-yl group, 3-methylpyrrol-2-yl group, 3-methylpyrrol-4-yl group, 3- 
niethylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyrrole-l-yl group, 2- 
methyl-l-indolyl group, 4-methyl-l-indolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-l-indolyl group, 4-t-butyl-l-indolyl group, 2-t-butyl-3-indolyl group, 4-t-butyl- 

3- indolyl group, etc. 

The (un)substituted arylthio group is represented by -SY'*, and examples of Y" are the 
phenyl group, 1-naphthyl group, 2-naphthyl group, l-anthryl group, 2-anthryl group, 9-anthryl 
group, 1-phenanthryl group, 2-phenathryl group, 3-phenanthryl group, 4-phenanthryl group, 9- 
phenanthryl group, 1-naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1- 
pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-bihenylyl group, 4- 
biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m- 
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nlTtoM - W-^-yl STOup. o-,o.y. g^up, 

group, 5^„,y, , group^-iLlM 

group, 9-phenanthndinyl group, 10-phenanthridinyl group l-acridinvlm-n»^ -a- , 

phenanU^hn- O-y, group, I,8.phe„a«h„,H,.2.y,g„^, I,8i,he„a„ft„,u„.3Xl , 3 
phenan-h™ .„.2-y. group. ..9-phe.aua„„M„.3.y, g™^, l,9-phe„.,«^,in.4-yl X , 9 

T^TTV "-«-y 2,9-phe™,«„„Bn.7-y, ^"p '9. 

phenanta, ,„.8-y, g™.p. 2.9-phe„a„U.„H„.,0.y. g^up, 2,8.phe™nflm,.in-Uy, g,^™ 2 g 
P enanU.0 ,n-3-y, ^„p. 2.8.phe„a„«.„„„^.y, 2,8-phe„a„a™,i^5.y, 1^ i 8 
P ena^U.0 n-6-y, g„,„p. 2.8-phe„a„ftro„„.7.y, group, 2.8.phe„a„ftro„„.9.^ ^^p' 2 8 

Phenana™ ,„-4-y, ^oup, 2,7.phe„a„teoli„-5.yl group, 2,7-phe„a„am,K„-6.yl g^ J2 7 
phenan.iro..n-8-y. group, 2,7-phe™nfl™U„.9-y. group. 2.7.phe„a„*.„,i„.,4,^;'; " 
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phenazinyl group, 2-phenazinyl group, 1-phenothiazinyl group, 2-phenothiazinyl group, 3- 
phenothiazinyl group, 4-phenothiazinyl group, 1 -phenoxazinyl group, 2-phenoxazinyl group, 3- 
phenoxazinyl group, 4-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl 
group, 2-oxadiazolyl group, 5-oxadiazolyl, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 
2-methylpyrrol-l-yl group, 2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2- 
methylpyrrol-5-yl group, 3-methylpyrrol-l-yl group, 3-niethylpyrrol-2-yl group, 3-methylpyrrol- 
4-yl group, 3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyrrole-l- 
yl group, 2-methyl-l-indolyl group, 4-methyl-l-indolyl group, 2-methyl-3-indolyl group, 4- 
methyl-3-indolyl group, 2-t-butyl-l-indolyl group, 4-t-butyl-l-indolyl group, 2-t-butyl-3-indolyl 
group, 4-t-butyl-3-indolyl group, etc. 

The (un)substituted alkoxycarbonyl group is represented by -COOZ, and examples of Z 
are the methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, s-butyl group, 
isobutyl group, t-butyl group, n-pentyl group, n-hexyl group n-heptyl group, n-octyl group, 
hydroxymethyl group, 1 -hydroxyethyl group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 

1.2- dihydroxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3- 
trihydroxypropyl group, chloromethyl group, 1 -chloroethyl group, 2-chloroethyl group, 2- 
chloroisobutyl group, l,2-'dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-dichloro-t-butyl 
group, 1,2,3-trichloropropyl group, bromomethyl group, 1-bromoethyl group, 2-bromoethyl 
group, 2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group, 2,3- 
dibromo-t-butyl group, l,2,3-'tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2- 
iodoethyl group, 2-iodoisobutyl group, 1 ,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3- 
diiodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2- 
aminoethyl group, 2-aminoisobutyl group, 1 ,2-diaminoethyl group, 1,3-diaminoisopropyl group, 

2.3- diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, l-nitroethyl group, 2- 
nitroethyl group, 2-nitroisobutyl group, 1 ,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3- 
dinitro-t-butyl group, 1,2,3-trinitropropyl group, etc. 

Examples of the ring- forming divalent groups are the tetramethylene group, 
pentamethylene group, hexamethylene group, diphenylmethane-2,2'-di-yl group, 
diphenylethane-3,3'-di-yl group, diphenylpropane-4,4*-di-yl group, etc. 

The halogen atom may be fluorine, chlorine, bromine, or iodine. 

In general formula (1), a, b, and c independently represent whole numbers of 0-4, 
preferably 0-1. 

The n is a whole number of 1 -3. When n is 2 or more, the groups in [ ] may be the same 
or different. 
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butyl grom,. ' ""''™ is a melhyl group and Bu is a 
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The anthracene derivatives represented by the above general formula (2) of the present 
invention, included in general formula (1), are novel compounds. 

In general formula (2), Ar is an (un)substituted condensed aromatic group of 10-50 
nuclear carbon atoms. 

In general formula (2), Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon 

atoms. 

In general fomiula (2), X is an (un)substituted aromatic group of 6-50 nuclear carbon 
atoms, (un)substituted aromatic heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted 
alkyl group of 1 -50 carbon atoms, (un)substituted alkoxy group of 1 -50 carbon atoms, 
(un)substituted aralkyl group of 6-50 carbon atoms, (un)substituted aryloxy group of 5-50 
nuclear carbon atoms, (un)substituted arylthio group of 5-50 nuclear carbon atoms, 
(un)substituted alkoxycarbonyl group of 1 -50 carbon atoms, carboxy group, halogen atom, cyano 
group, nitro group, or hydroxy group. 

The specific examples of groups represented by Ar, Ar', and X are similar to those given 
for general formula (1). 

Substituents on the groups represented by the above Ar, Ar', and X may be a halogen 
atom, hydroxy group, nitro group, cyano group, alkyl group, aryl group, cycloalkyl group, 
alkoxy group, aromatic heterocyclic group, aralkyl group, aryloxy group, arylthio group, 
alkoxycarbonyl group, or carboxy group. 

In general formula (2), a and b independently represent whole numbers of 0-4, preferably 

0-1. 

The n is a whole number of 1 -3. When n is 2 or more, the groups in [ ] may be the same 
or different. 

Specific examples of the anthracene derivatives represented by general formula (2) of the 
present invention maybe, but not limited to, (AN1)-(AN4), AN7)-(AN14), (AN17)-(AN24), 
(AN27)-(AN36), (AN39)-(AN43), and (AN46)-(AN48) given as specific examples of general 
formula (1). 

The anthracene derivatives represented by general formula (2) of the present invention 
are preferred for organic EL device materials. 

The anthracene derivatives of general formula (1) or (2), used in the organic EL devices 
of the present invention, can be synthesized by an appropriate combination of Suzuki coupling 
reaction, halogenation, and boration reaction of a commercially available arylboronic acid or 
arylboronic acid synthesized by a known method and using halogenated anthracene derivatives 
as starting materials. The synthesis scheme is shown below. 
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There have been many reports of the Suzuki coupHng reaction (Chem. Rev., Vol. 95, No. 
7, 2457 (1995), etc.), and this reaction can be carried out under conditions described in such 
reports. 

Usually, the reaction is carried out under ambient pressure in an inert atmosphere of 
nitrogen, argon, helium, etc., and under pressure if needed. The reaction temperature is in the 
range of 1 5-300^C, preferably 30-200^C. 

The reaction solvents may be water, aromatic hydrocarbons such as benzene, toluene, 
xylene, etc.; ethers such as 1 ,2-dimethoxyethane, diethyl ether, methyl t-butyl ether, 
tetrahydrofuran, dioxane, etc.; saturated hydrocarbons such as pentane, hexane, heptane, octane, 
cyclohexane, etc.; halogen compounds such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane, 1,1,1-trichloroethane, etc.; nitriles such as acetonitrile, 
benzonitrile, etc.; esters such as ethyl acetate, methyl acetate, butyl acetate, etc.; amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidone, etc.; or mixtures 
thereof Of these, preferred are toluene, 1 ,2-dimethoxyethane, dioxane, and water. The amount 
of solvent used is usually 3-50 times, preferably 4-20 times by weight of the arylboronic acid or 
its derivatives. 

The base used in the reaction may be, e.g., sodium carbonate, potassium carbonate, 
sodium hydroxide, potassium hydroxide, sodium bicarbonate, potassium bicarbonate, 
magnesium carbonate, lithium carbonate, potassium fluoride, cesium fluoride, cesium chloride, 
cesium bromide, cesium carbonate, potassium phosphate, methoxysodium, t-butoxypotassium*, 
t-butoxysodium*, t-butoxylithium*, etc., preferably sodium carbonate. The amount of such a 
base used is usually 0.7-10 molar equivalent, preferably 0.9-6 molar equivalent, with respect to 
the arylboronic acid or its derivatives. 

The catalysts used in the reaction maybe, e.g., palladium catalysts such as 
tetrakis(triphenylphosphine)palladium, dichlorobis(triphenylphosphine)palladium, 
dichloro[bis(diphenylphosphino)ethane]palladium, 
dichloro[bis(diphenylphosphino)propane]palladium, 
dichloro[bis(diphenylphosphino)butane]palladium, 

dichloro[bis(diphenylphosphino)ferrocene]palladium, etc.; nickel catalysts such as 
tetrakis(triphenylphosphine)nickel, dich]orobis(triphenylphosphine)nickel, 
dichloro[bis(diphenylphosphino)ethane]nickel, dichloro[bis(diphenylphosphino)propane]nickel, 
dichloro[bis(diphenylphosphino)butane]nickel, dichloro[bis(diphenylphosphino)ferrocene]nickel, 
etc., while tetrakis(triphenylphosphine)palladium is preferred. The amount of the catalyst used is 



' (Butoxypotassium, etc., should possibly be "butylpotassium", etc.] 
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haloanthracene derivatL used. "^''^ 

TTie halogen in the haloanthracene derivatives mav he pa o - a- 
owo^e e.c., p.fe.., an 

ethyl Cellosolve, water «o ^^ZT^. "."obenzene, ,ote, xylene, meftyl CellosCve, 
-.^™e.eHy.Ve...e,eae.o„.e.^^, 

exa.pMnU,ec.e;f«,e^rZ^^«r,2:clT*^ 

derivatives, the r^on is „s„a)lv T *° "f haloanthracene 

helinn,, etc., ^ in an iniltlTg C^hT T""^ ^ "-^^ 
heptane, octane, cydohexane etre^!" "^^^'"'^ ^ Pentanc, hexane, 

h..yl ether, ^otT^ta^fr-tL:! tt"^''^"^' ■"«^^> - 

xylene, etc.. or nnxtures the^ pX^^t TTT " '"'"^^ 
>^ is usually 3-50 times nr^'raJT^l . ™' "f ^"'vcnts 

butyl.,th.u„,,p,e„,„;CZh^:SnT^rr"t'^"-''"'^''''^"^^ 

H^™hi3.H™ethyl3ily,a™i.e,et:preZCC^:te^^^ 

prepared by reacting haloanthracene derivatives wifllIr'Z!! *^°l^^ 

that can be med as boration agents are e= ,2T,T borates 

-.1 borate, etc., .eferahlyTm^r^r::^::,^^^^^^ 

ha. a2ti i™^vr;r 'Tr.^ •» 

^-erab.y..„oi;:L::— ::::~r^^^^^ 

tempemtureisusually.l00to50°C,preferably-75to lOX ^"««<^t^on 

cont^ns^;"^^^^ 

represented by general fonnula (1) or (2), as the main component. 
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Furthermore, in the organic EL devices of the present invention, preferably, the 
luminescence layer contains also an arylamine compound and/or styrylamine compound. 

The styrylamine compounds are preferably those represented by general formula (A) 
shown below: 

Arj -4- N W 

(In the formula, Ar2 is a group chosen from a phenyl group, biphenyl group, terphenyl group, 
stilbene group, or distyrylaryl group; Ar3 and Ar4 independently represent a hydrogen atom or 
C6-20 aromatic group; Ar2, Ara, and Ar4 may be substituted. The p is a whole number of 1-4. 
Further preferably, at least one of Ara and Ar4 is substituted by a styryl group.) 

Here, the C6-20 aromatic group may be phenyl group, naphthyl group, anthranil group, 
phenanthryl group, terphenyl group, etc. 

Arylamine compounds are preferably those represented by general formula (B) shown 

below: 

/ /Are \ 
Ars -4- N J (B) 

\ ^ Ar, / c 

(In formula, Ars-Ary are (un)substituted aryl groups of 5-40 nuclear carbon atoms; q is a whole 
number of 1-4.) 

The aryl groups of 5-40 nuclear carbon atoms are, e.g., the phenyl group, naphthyl group, 
anthranil group, phenanthryl group, pyrenyl group, koroniru [transliteration] group, biphenyl 
group, terphenyl group, pyrrolyl group, furanyl group, thiophenyl group, benzothiophenyl group, 
oxadiazolyl group, diphenylanthranil group, indolyl group, carbazolyl group, pyridyl group, 
benzoquinolyl, fluoranthenyl group, acenaphthofluoranthenyl group, stilbene group, etc. 
Preferred substituents for such aryl groups are the Ci-6 alkyl group (ethyl group, methyl group, i- 
propyl group, n-propyl group, s-butyl group, t-butyl group, pentyl group, hexyl group, 
cyclopentyl group, cyclohexyl group, etc.), C1.6 alkoxy group (ethoxy group, methoxy group, i- 
propoxy group, n-propoxy group, s-butoxy group, t-butoxy group, pentoxy group, hexyloxy 
group, cyclopentoxy group, cyclohexyloxy group, etc.), aryl group of 5-40 nuclear atoms, amino 
group substituted by an aryl group of 5-40 nuclear atoms, ester group having an aryl group of 5- 
40 nuclear atoms, ester group having a C1.6 alkyl group, cyano group, nitro group, halogen atom, 
etc. 

Next, the constitution of the organic EL devices of the present invention is explained. 
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(1) Positive electrodeflumtoecence layer/negative electrode 

3 Post^ve e eotrode/l™„„esce„ee layer/electron injection layer/negative electrode 

Spit:!:^::?'^'^""''"""''— ^^^^^ 

(9) PosWve eleo^e/i,«ula.„. layer/lu^taescence layer/insulation layer/negaUve electrode 

O0)Pos,t.veeIectrode/i™:gamcse™»„duct<.layer/i,,sula.i„„laye,L^^ 
layer/msulation layer/negative electrode y^"uniinesccnce 

Of these, a,e constitution (8) is prefe^bly nsed, but one is not limited to it 

^""''"••g^'^ELdevicesarousuanyprepared^.attansparentsubstrate Sucha 

U^sparen. substrate isabasesupp^tingtheotganicELdeviceandsZldreat^^^ 
^^^s^nanceaboveSO^forvisibleligMin^ 

^..poJetb^reti^X^^^'--^ 

ITO (indiun, tin ox.de), SnO, ZnO In-^ S ' " "''"'^ " 

2, ^nu, in Zn-O, etc. Such a positive electrode can be fonned by 
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the thin film process by vapor deposition, sputtering, etc., of the electrode materials. When the 
light emitted from the luminescence layer is taken from the positive electrode, the positive 
electrode should have a light transmittance above 10%. The positive electrode sheet resistance 
should be below several hundreds of Q/D. Furthermore, depending on the type of materials, 
usually, the positive electrode has a thickness of 1 0 nm~l ^im, preferably 1 0-200 nm. 

Next, the negative electrode should be made from low-work-fiinction (below 4 eV) 
metals, alloys, electrically conductive compounds, and mixtures thereof. Specific examples of 
such electrode materials include sodium, sodium-potassium alloy, magnesium, lithium, 
magnesium-silver alloy, aluminum/aluminum oxide, Al/Li20, Al/Li20, Al/LiF, aluminum- 
lithium alloy, indium, rare earth metals, etc. 

Such a negative electrode can be formed by the thin film process by vapor deposition, 
sputtering, etc., of the electrode materials. 

When the light emitted from the luminescence layer is taken from the negative electrode, 
the negative electrode should have a light transmittance above 1 0%. The negative electrode 
sheet resistance should be below several hundreds of Q/D. Furthermore, usually, the negative 
electrode has a thickness of 1 0 nm-"-! jim, preferably 10-200 nm. 

In the organic EL devices of the present invention, preferably a chalcogenide layer, metal 
halide layer, or metal oxide layer (hereafter, called surface layer in some cases) is formed on the 
surface of at least one of the pair of electrodes prepared. More specifically, a chalcogenide 
(including oxide) layer of a metal such as silicon, aluminum, etc., is formed on the positive 
electrode surface at the luminescence layer side, and a metal halide layer or metal oxide layer 
being formed on the negative electrode surface at the luminescence layer side. By doing this, the 
operation can be stabilized. 

The chalcogenides are preferably SiOx (1 < x , 2), AlOx (1 < x < 1.5), SiON, SiAlON, etc. 
Metal halides may be LiF, MgF2, CaF2, rare earth metal fluorides, etc. Metal oxides may be 
CS2O, Li20, MgO, SrO, BaO, CaO, etc. 

In the organic EL devices of the present invention, it is also preferred that a mixed area of 
an electron conducting compound and reductive dopant or a mixed area of a positive hole 
conducting compound and oxidative dopant is installed on the surface of at least one of the pair 
of electrodes prepared above. By doing this, the electron conducting compound is reduced to an 
anion, making the mixed area easier to inject and to conduct electrons to the luminescence layer. 
The positive hole conducting compound is oxidized to a cation, making the mixed area easier to 
inject and to conduct the positive holes to the luminescence layer. Preferred oxidative dopants 
are various Lewis acids and acceptor compounds. Preferred reductive dopants are alkali metals, 
alkali metal compounds, alkaline earth metals, rare earth metals, and compounds thereof. 

In the organic EL devices of the present invention, the luminescence layer has: 
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W lay. is usually, bu, no. l™i,ed ,„. 5 ™ ^ """^ 
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adhesion impj^g ;itl7drfZT: ^'"^^ 

g layer made of a matenal having an especially 8«>d adhesion to the 
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negative electrode in the electron injection layer. Materials used in the electron injection layer 
are preferably metal complexes of 8-hydroxyquinoline or its derivatives. Specific examples of 
the metal complexes of 8-hydroxyquinoline or its derivatives include metal chelate oxinoid 
compounds containing a chelate of oxine (in general, 8-quinolinol or 8-hydroxyquinoline). For 
example, tris(8-quinolinol)aluminum can be used for the electron injection material. 

Furthermore, in general, with the application of an electric field to ultra-thin films, pixel 
defects are easily formed by leaking and short [circuit]. To prevent this, a thin insulation film 
layer can be inserted between the electrodes. 

The materials used for the insulation layer are, e.g., aluminum oxide, lithium fluoride, 
lithium oxide, cesium fluoride, cesium oxide, magnesium oxide, magnesium fluoride, calcium 
oxide, calcium fluoride, aluminum nitride, titanium oxide, silicon oxide, germanium oxide, 
silicon nitride, boron nitride, molybdenum oxide, ruthenium oxide, vanadium oxide, etc., 
mixtures, and laminates thereof. 

The organic EL devices of the present invention may be prepared using such materials by 
methods described above by forming a positive electrode, luminescence layer, positive hole 
injection layer if needed, electron injection layer if needed, and finally a negative electrode. 
Organic EL devices can also be prepared in reverse order fi^om the negative electrode to the 
positive electrode. 

Next, an example of making an organic EL device with the installation of a positive 
electrode/positive hole injection layer/luminescence layer/electron injection layer/negative 
electrode, in that order, on a transparent substrate is explained. 

First, vapor deposition or the sputtering process is used for forming a thin film fi-om 
positive electrode material to a thickness below 1 ^im, preferably 10-200 nm, on an appropriate 
transparent substrate. Next, a positive hole injection layer is installed on the positive electrode. 
The positive injection layer can be formed by vacuum vapor deposition, spin coating, casting, 
LB process, etc., as described above, while the vacuum vapor deposition process is preferred for 
the ease of obtaining uniform films and no pinholes. In forming a positive hole injection layer 
by the vacuum vapor deposition process, the vapor deposition conditions may vary according to 
the compounds used (positive hole injection layer material), crystal structure, and recombination 
structure of the desired positive hole injection layer, etc. In general, the vapor deposition source 
temperature is 50-450''C, vacuum is 10'^--10""^ torr, vapor deposition rate is 0.01-50 nm/sec, 
substrate temperature is -50 to 300°C, and film thickness is 5 nm-5 [xm. 

Next, the luminescence layer is installed on the positive hole injection layer. Also, this 
luminescence layer can be formed using the luminescent materials of the present invention by 
vacuum vapor deposition, sputtering, spin coating, casting, etc., for forming the luminescent 
material into a thin film, while the vacuum vapor deposition process is preferred for the ease of 
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electrode-, light emission IS observed at a voltaee of 3-40 V vjh^ u 
a™ss,o„«observed.I„tec^a,eacappHedmaybei„a„ywavefo™ 

Synthesis Example 1 

Synthesis of 10-(2-naphthyl)anthracene.9.boronic acid 

In a 20-L flask under an Ar atmosphere, a solution of 549 a of 9 i ■ 

(product of Tokyo Kasei Co ) 684 p of o K T ^ ^f 2-naphthaleneboromc acid 

of . . . w / ^ of 9-bromoanthracene (product of Tokyo Kasei Co ^ 61 w 

of tetrakis(tnphenylphosphine)palladium(0) (product of Tokyo Kasei Co L^fto? 
(product of Hiroshima Wako Co ) and 84^ 0 a a- 1 ^ol^^ene 

In a 20-L flask under an Ar atmosphere, a mixture ofSRS « «f fk u 
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Tokyo Kasei Co.), allowed to return to room temperature, stirred for 12 h, cooled with ice, 
treated with 4 L of 2N hydrochloric acid at a temperature below lO^C, and treated with 1 L of 
toluene, followed by liquid separation, drying over sodium sulfate, concentration in vacuo, 
addition of hexane, and filtering out the crystals precipitated. The product was dissolved in 5 L 
of THF (tetrahydrofuran), treated with 500 mL of concentrated hydrochloric acid and 5 g of 
tetrabutylammonium bromide, stirred for 12 h, and filtered. The filtered crystals were dried to 
obtain 43 1 g of crystals. 

The FD-MS (field desorption mass analysis) of this compound gave m/z = 348 to 
C24H17BO2 = 348, confirming this compound as 10-(2-naphthyl)anthracene-9-boronic acid 
(yield: 47%). 

Synthesis Example 2 

Synthesis of 2-(4-bromophenyl)naphthalene 

In a 300 mL-flask under an Ar atmosphere, a solution of 7.1 g of 2-naphthaleneboronic 
acid (product of Tokyo Kasei Co.), 12.9 g of 4-iodobromobenzene (product of Tokyo Kasei Co.), 
0.6 g of tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), and 12.7 g of 
sodium carbonate (product of Hiroshima Wako Co.) in 60 mL of water was heated under reflux 
under stirring for 24 h, allowed to cool to room temperature, and filtered. The crystals filtered 
were recrystallized fi-om toluene to obtain 9.0 g of crystals. 

The FD-MS of this compound gave m/z = 284, 282 to CisHnBr = 283, confirming the 
product as 2-(4-bromophenyl)naphthalene (yield: 77%). 

Synthesis Example 3 

Synthesis of 3-(4'bromophenyl)fluoranthene 

In a 500-mL flask under an Ar atmosphere, a mixture of 62 g of fluoranthene and 250 mL 
of DMF (product of Hiroshima Wako Co.) was heated to 80°C for dissolution, treated with 60 g 
of N-bromosuccinimide (product of Hiroshima Wako Co.) at 50°C, stirred for 2 h, treated with 
500 mL of purified water, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 10.5 g of crystals. 

In a 500-mL flask under an Ar atmosphere, a mixture of 1 0.0 g of the above crystals, 120 
mL of dehydrated ether (product of Hiroshima Wako Co.) and 120 mL of dehydrated toluene 
(product of Hiroshima Wako Co.) was cooled to -64°C using dry ice, treated over a period of 30 
min with 25 mL of 1 .6 M butyllithium/hexane solution (product of Hiroshima Wako Co.), 
allowed to react at -64°C for 2 h, treated with 8 g of tiisopropyl brononate (product of Tokyo 
Kasei Co.) over a period of 20 min, allowed to return to room temperature, stirred for 12 h, 
cooled with ice, treated with 100 mL of 2N hydrochloric acid at a temperature below lO^'C, and 
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cono«,tal,o« m vacuo. add.ho„ of hexane, a-d filtering fte crystals precipitated Tie fi teted 
ZTjZf to 120 ™L Of THF. treated with 1 5 n,L of concenited yd^^^cid 

filters) „u, and dned to obtain 7.0 g of 3-fluoranthe„ebo™nic acid ct^stals 

!"!'"^'^''°*'»<'"«"Ar^'^<>^l.ere,asolut,onof7.0goftheabovecrvstals 
O^^ofTokyoKasd Co.).9.0gof4-iodob,on,obe„zene(prod„c!ofTojKas7S 0« 
of tet,alds(triphenylphosphine)paIladi™,,(0) (product of Tokyo Kasei Co r^^^ 
^^^»«„f»r.bi..,aWa.oC„0.n.O„.of„atL;^^^^ 

oZCi:r:trt=~r"^'^^«"-'"- 

The FD-MS of this compound gave m/z = 358 to Q^H.^Br = 357, confinning this 
compound as 3-(4-bromophenyl)fluoranthene (yield: 6%). ^ 

Synthesis Example 4 

Synthesis of l{K3-fluoranthenyl)anthracene-9-boronic acid 

acid 68T/or9T^""'r""^™"'''"^"'^"^ 

acid, 6.84 g of P-bromoanthracene (product of Tokyo Kasei Co ) 0 6 g of 

dtssolu^on jreated witb 2.3 g of N^succini^de (ptoduc, of HirosM™ wl^o , at 50»C 
«r 2 h, treated wtth 200 mL of purified water, and Are cry^s precipitated : C 
out and reciystalhzed from toluene to obtain 4.5 g of crystals. «»eretiltered 
'f'^"'^'"'-*'^''""''^- At ^taosphete, a nuxtmeof4.5g of the above crystals SO ml 

.u.ll,.un.e.aneso.:jZ:r:^ir^^ 

to react at -64°r for 9 h tr^o*^ ^ • . penoa ot 30 mm, allowed 

Kasei cl\ 7 ; T """^ ' « of tdisopropyi boronate (product of Tokyo 

Kase, Co.) over a penod of 20 „,i„. allow«i ,o tetun, to roon, temperature. stL for 12 h 

^ed wtft ,0 mL of toluene. After phase separation, the toluene solution was dried „v« 
sodtun, sulfate, concentrated in vaoto. treated with hexane. and the crystals pr^ipi^ Tere 
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filtered out, dissolved in 50 mL of THF, treated with 5 mL of concentrated hydrochloric acid and 
0.1 g of tetrabutylammonium bromide, stirred for 12 h, and the crystals precipitated were filtered 
out and dried to obtain 3.6 g of crystals. 

The FD-MS of this compound gave m/z = 422 to C30H19BO2 = 422, confirming this 
compound as 10-(3-fluoranthenyl)anthracene-9-boronic acid (yield: 32%). 

Synthesis Example 5 

Synthesis of 1 -(4-bromophenyl)naphthalene 

Synthesis Example 2 was repeated using 1 -naphthaleneboronic acid in place of 2- 
naphthaleneboronic acid to obtain 29.9 g of colorless oil. 

The FD-MS of this compound gave m/z = 284, 282 to CietiuBv = 283, confirming this 
compound as l-(4-bromophenyl)naphthalene (yield: 88%). 

Synthesis Example 6 

Synthesis of 2-(3-bromophenyl)naphthalene 

Synthesis Example 2 was repeated using 3-iodobromobenzene in place of 4- 
iodobromobenzene to obtain 20.1 g of colorless oil. 

The FD-MS of this compound gave m/z = 284, 282 to Ci6HHBr = 283, confirming this 
compound as l-(3-bromophenyl)naphthalene (yield: 75%). 

Application Example 1 
Synthesis of compound (AN8) 

In a 300-mL flask under an Ar atmosphere, a solution of 5.98 g of the 10-(2- 
naphthyl)anthracene-9-boronic acid obtained in Synthesis Example 1, 4.05 g of 2-(4- 
bromophenyl)naphthalene obtained in Synthesis Example 2, 0.33 g of 
tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1 ,2- 
dimethoxyethane (product of Hiroshima Wako Co.), and 4.55 g of sodium carbonate (product of 
Hiroshima Wako Co.) in 21 mL of water was heated under reflux under stirring for 24 h, allowed 
to cool to room temperature, and the crystals precipitated were filtered out and purified by 
column chromatography to obtain 3.4 g of light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C40H26 = 506, confirming this 
compound as AN8 (yield: 47%). 

Application Example 2 
Synthesis of compound (AN 10) 
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In a 300-mL flask under an Ar atmosphere, a solution of 5.98 g of the 10-(2- 
naphthyl)anthracene-9-boronic acid obtained in Synthesis Example 1 5 13 g of 3-(4 
bromophenyl)fluoranthene obtained in Synthesis Example 3 0 33 g of 
tetrakis(triphenylphosphine)palladimn(0) (product of Tokyo Kasei Co.), 60 mL of 1 2- 
dunethoxyethane, and 4.55 g of sodium carbonate (product of Hiroshima Wako Co.) in 2 1 mL of 
waterwash^tedunderrefluxunderstirringfor24h,allowedt^ J 

The FD-MS of this compound gave m/z = 580 to C^^, = 580, confinning this 
compound as ANl 0 (yield: 40%). 

Application Example 3 
Synthesis of compound (AN28) 

In a 300-mL flask under an Ar atmosphere, a solution of 7.24 g of the 1 0-(3- 
fluoranthenyl)anthracene-9-boronic acid obtained in Synthesis Example 4, 4.05 g of the 2-(4- 
bromophenyl)naphthalene obtained in Synthesis Example 2 0 33 g of 
tetrakis(triphenylphosphine)paIladium(0) (product of Tokyo' Kasei Co.), 60 mL of 1 2- 

room temperature, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 3.6 g of light yellow solid. 

The FD-MS of this compound gave m/z = 580 to C46H28 = 580, confirming this 
compound as AN28 (yield: 43%). 

Application Example 4 

Synthesis of compound (AN30) 

In a 300-mL flask under an Ar atmosphere, a solution of 7.24 g of the 10-(3- 
fluoranthenyl)anthracene-9-boronic acid obtained in Synthesis Example 4. 5.13 g of the 3-(4- 
bromophenyl)fluoranthene obtained in Synthesis Example 3, 0 33 g of 
tetrakis(triphenylphosphine)palladium(0) (product of Tokyo Kasei Co.), 60 mL of 1 2- 

room temperature, and the crystals precipitated were filtered out and purified by column 
chromatography to obtain 3.1 g of a light yellow solid. 

The FD-MS of this compound gave m/z = 654 to C52H30 = 654, confirming this 
compound as AN30 (yield: 33%). 
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Application Example 5 
Manufacture of organic EL device 

An ITO transparent electrode-fitted glass substrate (product of Diomatic Co.) of 25 mm x 
75 mm x 1 .1 mm (thickness) was cleaned by ultrasonic waves in isopropyl alcohol for 5 min, 
then by UV-ozone for 30 min. The cleaned transparent electrode line-fitted glass substrate was 
loaded in the substrate holder of a vacuum vapor deposition device. A 60-nm-thick N,N'- 
bis(N,N'-diphenyl-4-aminophenyl)-N,N-diphenyl-4,4'-diamino-l,r-biphenyl film (hereafter 
referred to as TPD232 film) was formed on the transparent electrode side, covering the 
transparent electrode. This TPD232 film is the positive hole injection layer. A 20-nm-thick 
N,N,N\N'-tetra(4-biphenyl)-diaminobiphenylene film (hereafter referred to TBDB) was then 
formed on the TPD232 film. This film is the positive hole transport layer. A 40-nm-thick (AN8) 
film was formed as luminescent material on the TBDB film by vapor deposition. At the same 
time, the styryl-group-containing amine compound (Dl) was vapor-deposited as luminescent 
material at AN8:D1 = 40:2 by weight. This film functions as the luminescent layer. A lO-nm- 
thick Alq film was then formed on the above film. This fiinctions as an electron injection layer. 
Binary vapor deposition of the reductive dopant Li (Li source: product of Saes Target Co.) and 
Alq produced an Alq:Li film (film thickness: 10 nm) as an electron injection layer (negative 
electrode). Metallic Al was vapor deposited on the Alq:Li film to form a metallic negative 
electrode to obtain an organic EL device. 

The organic EL device obtained was measured for luminescence efficiency and half-life 
under normal use at an initial brightness of 1 OOOnit. Results are given in Table 1 . 
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N 





TPD232 



TBDB 



Me 



Ml 



Me M( 
D 1 




A 1 q 

Application Examples 6-8 
Manufacture of organic EL devices 

place ofAt^t''™''^'""'^'''°*'**''"^•™^^^^ 

and half-Lfe under nonnal use a. an Wal brightness of I OOOni.. Re«U.s a^ given ta TableT 

Application Example 9 
Manufacture of organic EL device 

Application Example 5 was repeated using the aromatic amine (D2) in place of the stvrvl 
^oup-conta.mngamme compound (Dl)to Obtain an organicELdevic^,wL^^^^^^ 

JWUmt. Results are given in Table 1. 
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Application Example 10 
Synthesis of compound (AN5) 

Application Example 1 was repeated using 3,5-diphenylbromobenzene in place of 2-(4- 
bromophenyl)naphthalene to obtain 5.6 g of light yellow solid. 

The FD-MS of this compound gave m/z = 532 to C42H28Br = 532, confimiing this 
compound as AN5 (yield: 45%). 

Application Example 1 1 
Synthesis of compound (AN7) 

Application Example 1 was repeated using l-(4-bromophenyl)naphthalene in place of 2- 
(4-bromophenyl)naphthalene to obtain 7.8 g of a light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C4oH26Br = 506, confirming this 
compound as AN7 (yield: 54%). 

Application Example 12 
Synthesis of compound (AN49) 

Application Example 1 was repeated using 2-(3-bromophenyl)naphthalene in place of 2- 
(4-bromophenyl)naphthalene to obtain 6.9 g of light yellow solid. 

The FD-MS of this compound gave m/z = 506 to C4oH26Br = 506, confirming this 
compound as AN7 (yield: 52%). 

Application Examples 13-15 
Manufacture of organic EL devices 

Application Example 5 was repeated using luminescent compoxmds described in Table 1 
in place of AN 8 to obtain organic EL devices, which were then measured for luminescence 
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effl««oyaadhalf.lifeu„der„o™al,isea,™i„iHal brightaessof lOOOnit Resutea„ given 



in 



Comparative Example 1 
Manufacture of organic EL device 

AN« . ''u'^'^ ' ™ "^"^ "^^ ^= *^ -^'^ial in place of 

half.hfeundern<™,al,«ea.aninitialbrighd,esson000ni.. Re«U,s are given in Table 1 




a n 1 



Comparative Example 2 
Manufacture of organic EL device 

AN8 .oT""" ' ™ '^'^ "^"^ " *^ ^'-a" place of 

half.l,fe Mder nonnal ^e at an imtial brightness of lOOOnit. Resnlts are given in Table 1 




a n 2 
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Table 1 





Fluorescent 
layer compound 


Luminescence 
efficiency 


Half-life 


Luminescence 
color 


(cd/A) 


(hours) 


AA5 


AN8/D1 


11.2 


4200 


Blue 


AA6 


ANIO/Dl 


11.0 


4000 


Blue 


AA7 


AN28/DI 


10.9 


3700 


Blue 


AA8 


AN30/D1 


10.8 


3700 


Blue 


AA9 


AN8/D2 


10.6 


3200 


Blue 


AA13 


AN5/D1 


11.0 


2200 


Blue 


AA14 


AN7/D1 


11.3 


4500 


Blue 


AA15 


AN49/D1 


11.3 


4500 


Blue 


CCl 


an/Dl 


9.0 


2200 


Blue 


CC2 


an2/Dl 


8.8 


1100 


Blue 



AA: Application Example 
CC: Comparative Example 



As shown in Table 1, the organic EL devices of Application Examples 5-9 and 13-15 
have a high luminescence efficiency and very long service life, while the organic EL devices of 
Comparative Example 1 and 2 have a low luminescence efficiency and short service life. 

Industrial application possibilities 

As explained in detail above, the organic EL devices of the present invention and the 
organic EL devices using the anthracene compoiinds of the present invention have a high 
luminescence efficiency and long service life, thus they are useful for organic EL devices 
expected for long-term continuous use. 
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Claims 

1 . Organic electroluminescence device having at least one luminescence-layer-containing 
organic thin film layer sandwiched between the anode and cathode, wherein at least one layer of 
the organic thin film layer contains the anthracene derivative represented by general formula (1) 
shown below, alone or as a component in a mixture: 




(1) 



(m the fonnula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, (un)substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (un)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl grouptof 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, mtn, group, or hydroxy group- a, b 

andcarewholenumbersof0-4;andnisawholenumberofl-3;whennis2ormore the ' 
fonnula mside the parenthesis shown below may be the same or different: 




2 The organic electroluminescence device described in Claim 1, wherein Ar in general 
formula (1) is selected fi-om the general formulas given below: 
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(Ati is an (un)substituted aromatic group of 6-50 nuclear carbon atoms.) 

3. The organic electroluminescence device described in Claim 1, wherein the 
luminescence layer contains the anthracene derivative represented by general formula (1) as the 
main component. 

4. The organic electroluminescence device described in Claim 1, wherein the 
luminescence layer further contains an arylamine compound. 

5. The organic electroluminescence device described in Claim 1 , wherein the 
luminescence layer further contains a styrylamine compound. 

6. Anthracene derivative represented by general formula (2) shown below: 




(in the formula, Ar is an (un)substituted condensed aromatic group of 10-50 nuclear carbon 
atoms; Ar' is an (un)substituted aromatic group of 6-50 nuclear carbon atoms; X is an 
(un)substituted aromatic group of 6-50 nuclear carbon atoms, (un)substituted aromatic 
heterocyclic group of 5-50 nuclear carbon atoms, (un)substituted alkyl group of 1-50 carbon 
atoms, (un)substituted alkoxy group of 1-50 carbon atoms, (un)substituted aralkyl group of 6-50 
carbon atoms, (un)substituted aryloxy group of 5-50 nuclear carbon atoms, (un)substituted 
arylthio group of 5-50 nuclear carbon atoms, (un)substituted alkoxycarbonyl group of 1-50 
carbon atoms, carboxy group, halogen atom, cyano group, nitro group, or hydroxy group; a, b, 
and c are whole numbers of 0-4; and n is a whole number of 1-3; when n is 2 or more, the 
formula inside the parenthesis shown below may be the same or different: 
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7. The anthracene derivative described in Claim 6, being material for an organic 
electroluminescence device. 

8. Organic electroluminescence device having at least one luminescence-layer-containing 
organic thm film layer sandwiched between an anode and cathode, wherein at least one layer of 
the orgamc thin film layer contains the anthracene derivative represented by general fonnula (2) 
described m Claim 6, alone or as a component in a mixture. 

9. The organic electroluminescence device described in Claim 8, wherein Ar in general 
formula (2) is selected from the general formulas given below: 







(Ari is an (un)substituted aromatic group of 6-50 nuclear carbon atoms.) 

10. The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer contains the anthracene derivative represented by general fomiula (2) as the 
main component. 

1 1 . The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer further contains an arylamine compound. 

12. The organic electroluminescence device described in Claim 8, wherein the 
luminescence layer further contains a styrylamine compound. 
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